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TEMPERATURE-DEPENDENT SWITCH

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority from German patent
application DE 10 2019 132 433.5, filed on Nov. 29, 2019.
The entire content of this priority application 1s incorporated
herein by reference.

BACKGROUND

This disclosure relates to a temperature-dependent switch
and a method of manufacturing a temperature-dependent
switch.

An exemplary temperature-dependent switch 1s disclosed
in DE 10 2015 114 248 B4.

Such temperature-dependent switches are usually used to
monitor the temperature of a device. For this purpose 1t 1s,
for example, brought into thermal contact through 1ts exter-
nal surfaces with the device to be protected, so that the
temperature of the device to be protected aflects the tem-
perature of the switching mechanism.

The switch 1s typically connected electrically 1n series in
the power supply circuit of the device to be protected by
means ol connecting wires soldered to i1ts two external
contact surfaces so that the supply current to the device to be
protected flows through the switch when below the response
temperature of the switch.

The switch comprises a lower part, in which an internal,
circumierential shoulder 1s provided, on which the cover
part rests either directly or with the interposition of an
insulating foil. The cover part 1s held firmly against this
circumierential shoulder through a circumierential raised
wall of the lower part, whose upper section 1s bent radially
inwards.

The temperature-dependent switching mechanism of the
switch disclosed 1n DE 10 2015 114 248 B4 comprises a
snap-action spring disc, which carries a movable contact
part, as well as a bimetal snap-action disc which 1s put over
the movable contact part. The snap-action spring disc
presses the movable contact part against a stationary coun-
ter-contact inside on the cover part. The snap-action spring
disc 1s supported by 1ts edge 1n the lower part of the housing,
so that the electrical current flows from the lower part
through the snap-action spring disc and the movable contact
part into the stationary counter-contact, and from there into
the cover part.

In design variants of the switch disclosed in DE 10 20135
114 248 B4, a bimetal part or a bimetal snap-action disc,
which lies force-free 1in the switching mechanism when
below its switching temperature, 1s provided for the tem-
perature-dependent switching function.

In the context of this disclosure, a bimetal part or a
bimetal snap-action disc refers to a multi-layer, active,
sheet-like component of two, three or four inseparably
bonded components with different coeflicients of thermal
expansion. The joins between the individual layers of metal
or metal alloy are materially bonded or form-fitted, and are,
for example, fabricated by rolling.

Such a bimetal part has a first stable geometric configu-
ration 1n 1ts low temperature position and a second stable
geometric configuration in i1ts high temperature position,
between which positions 1t switches depending on the tem-
perature 1n a hysteresis-like manner. If the temperature
changes beyond its response temperature or below 1ts return
temperature, the bimetal part snaps over to the other geo-
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metric configuration. The bimetal part 1s therefore often
referred to as a snap-action disc, wherein 1t typically has an
clongated, oval or circular shape when viewed from above.

If the temperature of the bimetal part, which 1s typically
designed as a bimetal disc, rises above the response tem-
perature as a result of a rise 1 temperature of the device to
be protected, the bimetal disc snaps from 1ts low-tempera-
ture configuration to 1ts high-temperature configuration. The
bimetal disc thereby acts against the snap-action spring disc
in such a way that 1t lifts the movable contact part from the
stationary counter-contact or the current transier member
from the two stationary counter-contacts, so that the switch
opens and the device to be protected 1s switched off and can
no longer heat up.

In these designs, the bimetal disc 1s preferably mounted
mechanically force-free below i1ts transition temperature,
wherein the bimetal disc 1s also not used to carry the current.
This has the advantage that the bimetal disc exhibits a longer
mechanical service life and that the switching point, that 1s
the transition temperature of the bimetal disc, does not
change even aifter a large number of switching operations.

If the requirements for the mechanical reliability and/or
the stability of the response temperature are low, the bimetal
disc can also take over the function of the snap-action spring
disc and, potentially, also of the current transfer member, so
t
C

nat the switching mechanism comprises only one bimetal
1sc, which then carries the movable contact part or com-
prises two contact surfaces instead of the current transier
member. In this case, the bimetal disc not only provides the
closing pressure of the switch, but also carries the current
when the switch 1s 1n the closed state.

In most temperature-dependent switches, the housing 1s
usually protected against the ingress of contamination by a
seal, which 1s applied before or after joining the connecting
lugs or connecting cables to the external terminals.

Molding the external terminals with a single-component
thermosetting plastic 1s disclosed in DE 41 39 091 Al.
Casting the connecting lugs with an epoxy resin 1s further-
more disclosed 1n DE 10 2009 039 948 A1. It 1s also known
to apply an impregnating varnish or protective varnish to the
switches after soldering to the connecting cables or connect-
ing lugs.

To prevent varnish, resin or other liquids from penetrating,
into the inside of the housing, the cover part of the switch
disclosed 1n DE 196 23 570 Al 1s provided with a sealing
means 1n the form of a circumferential bead which runs
radially outside on the lower side of the cover part. When the
upper section of the circumierential wall of the lower part 1s
bent, this circumierential bead constricts the mnsulating foil.
While this does provide better sealing, 1n many cases varnish
nevertheless does penetrate mto the inside of the housing.
The insulating foil lying between the lower part and the
cover part 1s pulled up laterally between the wall of the
lower part and the cover part, and its edge section 1s bent
over onto the upper side of the cover part. The stifl insulating
to1l becomes rippled by the bending over, and forms rosettes
which cannot be reliably sealed by the upper section of the
circumierential wall of the lower part that 1s pressed flat onto
them. There 1s a risk that the finishing varnish penetrates
inside the switch through the rosettes. DE 196 23 3570 Al
attempts to reduce this problem through the bead that has
already been mentioned.

DE 10 2013 102 089 B4 describes a switch as 1t 1s known
in principle from DE 196 23 570 Al. This switch comprises
a spacer ring between the shoulder in the lower part and the
cover part, which permits a larger contact gap between the
movable contact part and the stationary counter-contact. To
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overcome the sealing problem known from the switch
disclosed in DE 196 23 570 Al, the edge region of the
insulating foil i this switch 1s given V-shaped incisions
from the outside, whereby the ripple 1s greatly reduced, so
improving the sealing.

DE 10 2013 102 006 B4 also describes a switch of similar
design. This switch comprises a cover part ol positive
temperature coeflicient material (PTC material). Due to the
poor resistance to compression of this PTC cover, the
radially inwardly bent upper section of the circumierential
wall of the lower part cannot provide suflicient sealing
against the mngress ol contamination, for which reason the
bent upper section of the circumierential wall must be sealed
against the upper side of the cover part with silicone, which
leads frequently to problems. DE 10 2013 102 006 B4 solves
this problem in that a covering foil 1s provided which only
lies on the upper side of the PTC cover, and into which the
upper section of the circumierential wall of the lower part
which 1s bent and lies flat against the covering foil, pen-
ctrates. The front side of the upper section of the circum-
terential wall faces away from the covering foil. However,
the upper section of the circumierential wall of the lower
part, which 1s lying flat, frequently does not provide the
desired sealing.

A switch can also be equipped with a covering foil and an
msulating foil, as 1s 1llustrated, e.g., by DE 10 2013 102 089
B4. An msulating covering foil, e.g. made of Nomex®, is
arranged on the upper side of the cover part of this switch,
extending with 1ts edge radially outwards as far as the
insulating foil, which consists, e.g., of Kapton®. Nomex®
and Kapton® consist of aramid paper and ol aromatic
polyimides, respectively.

In spite of the various sealing measures, sealing problems
continue to occur, due 1 part to the fact that, as a result of
the bending of the upper section of the circumiferential edge
of the lower part, the relatively stifl insulating foi1l cannot
achieve a lasting seal.

In the case of the switch disclosed in DE 10 2015 114 248
B4 mentioned at the outset, this sealing problem 1s solved by
a circumierentially closed cutting burr formed integrally
with the shoulder 1n the lower part, wherein this cutting burr
penetrates mto the msulating foi1l (af present) from below or
directly into the cover part from below. By the penetration
of this circumierentially closed cutting burr mto the insu-
lating foil or the cover part, a secure seal 1s achieved
between the lower part and the cover part.

The cutting burr 1s generated during the production of the
lower part. It 1s formed integrally with the shoulder in the
lower part. In this case, the lower part 1s usually produced as
a turned part, so that the cutting burr 1s a turning groove
which 1s generated during the turning of the lower part.

However, 1n order to ensure suilicient tightness, this
turning groove must be manufactured very precisely. A
production of the lower part including this turning groove
that 1s to be manufactured precisely 1s very complex and thus
increases the production costs. A further problem of this
solution 1s that the turming grooves are oiten damaged before
the switch 1s mounted. The individual parts of the switch
housing are typically stored as bulk material before they are
assembled. It can easily happen that the turning grooves are
blunted or even completely rubbed off.

SUMMARY

It 1s an object to eliminate or at least to reduce the
above-mentioned sealing problems 1n a structurally simple
and 1mexpensive way.
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According to a first aspect, a temperature-dependent
switch 1s provided, which comprises:

a housing having a cover part and a lower part;

an isulating foil arranged between the cover part and the

lower part;

a {irst external contact surface provided externally on the

housing;

a second external contact surface provided externally on

the housing; and
a temperature-dependent switching mechanism that 1s
arranged 1n the housing, and that, depending on 1ts
temperature, establishes or opens an electrically con-
ductive connection between the first external contact
surface and the second external contact surface;

wherein the insulating foil 1s at least partially coated or
printed with a sealing agent that contacts the cover part
and/or the lower part 1n a sealing area

According to a second aspect, a method for manufactur-
ing a temperature-dependent switch 1s provided, comprising:

providing a housing having a lower part and a cover part;

providing a temperature-dependent switching mechanism
which, as a function of its temperature, establishes or
opens an e¢lectrically conductive connection between a
first external contact surface provided externally on the
housing and a second contact surface provided exter-
nally on the housing,

providing an insulating foil;

coating or printing at least a portion of the insulating foil

with a sealing agent; and

mounting the housing, wherein the switching mechanism

1s arranged 1n the housing and the cover part 1s mounted
on the lower part with the insulating foil interposed
between the cover part and the lower part 1n such a way
that the sealing agent for sealing the housing contacts
the cover part and/or the lower part 1n a sealing area.

By coating or printing the msulating foil with a sealing
agent, the sealing of the inside of the housing can be
significantly improved. In this case, the msulating foil does
not only serve to electrically insulate the cover part from the
lower part of the housing. Due to the coating of the insu-
lating foil with the sealing agent, insulating foil also has a
high mechanical sealing efiect. The danger that paint, resin
or other liquids get 1nto the mside of the housing during the
production of the switch 1s thereby considerably reduced.

The additional sealing agent applied to the insulating foil
ensures a thorough seal. Without the sealing agent, the
insulating foil seals with known switches only due to the
positive locking fit or due to the contact pressure occurring
between the cover part and the lower part and the insulating
fo1l arranged 1n between.

A further advantage of the herein presented solution is the
very simple handling for applying the sealing agent to the
housing of the switch. Due to the fact that the sealing agent
1s already applied to the insulating foil before the switch 1s
mounted, the insulating foil can be easily applied between
the cover part and the lower part of the housing as usual. An
additional work step, as 1t would be necessary to apply a
separate sealing agent, can be omitted. The positions at
which the msulating foil 1s clamped between the cover part
and the lower part when the switch 1s mounted. Accordingly,
the sealing agent can be applied to the msulating foil at the
appropriate positions already before the insulating foil 1s
mounted 1n order to contact the cover part and/or the lower
part of the housing as desired in the sealing area after
mounting.

In general, i1t 1s preferred that the sealing agent 1s only
partially applied to the insulating foil 1n this sealing area. In
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principle, however, 1t 1s also conceivable to coat or print the
whole insulating foil with the sealing agent.

For the application of the sealing agent on the nsulating
fo1l, various common coating methods can be used, such as
varnishing, spray coating, vapor deposition, etc. Various
printing techniques known from the prior art are also pos-

sible.

According to a preferred refinement, the sealing agent 1s
made of plastic or wax.

In addition to their low-cost procurement option, various
plastics or waxes have the advantage that they can be
relatively viscous at room temperature, so that they do not
melt when the insulating foil 1s installed 1n the switch and
thus do not tflow into unwanted areas. Particularly wax
adheres relatively well to the msulating foil, so that the risk
of the sealing agent separating from the insulating foil
during installation of the insulating foil 1s relatively low. In
addition, wax adapts very well to different shapes, which 1s
particularly advantageous for edges or corners to be sealed,
as the wax, together with the isulating foil, adapts to the
respective shape of the cover part and/or lower part. This
ensures an optimal sealing effect.

According to a further refinement, the sealing agent 1s
made of a thermoplastic, a thermoset or an elastomer.

Furthermore, 1t 1s preferred that the sealing agent 1s a
sealing agent that 1s retroactively activated by heating and
that was activated after 1ts installation 1n the housing. In the
method, 1t 1s accordingly preferred that the switch 1s heated
to activate the sealing agent aifter mounting the housing.

Such subsequent heating of the switch allows, for
example, a part of the sealing agent to be liquefied 1n order
to reach the desired positions to be sealed even better.
Compared to a sealing agent that 1s already liqud from the
beginning, the handling of such a sealing agent that 1s
subsequently activated by heating when the switch 1s
mounted 1s much easier. Sealing agents that are liquid from
the very beginning would possibly tlow mto unwanted areas
during the installation of the insulating foil and lead to
contamination and/or other mounting complications.

According to another refinement, the insulating foil com-
prises a polyimide or an aromatic polyamide. Preferably, the
insulating foil consists of a polyimide or an aromatic poly-
amide.

The positive suitability of such materials for nsulating
foils 1n temperature-dependent switches has already been
proven many times in practice. Typically, insulating foils for
this type of application are made of materials with trade
names such as Kapton® or Nomex®.

The thickness of the insulating fo1l can vary depending on
the application. In the case of a comparatively large thick-
ness, 1t 1s oiten referred to as “insulating disc”. However,
such an insulating disc 1s herein also subsumed under the
term “msulating foil™.

According to a further refinement, 1t 1s preferred that the
sealing agent forms a closed, preferably circular contour on
the 1nsulating foul.

The closed contour of the sealing agent has the advantage
that a sealing eflect can be created along the entire circum-
terence of the switch by means of the sealing agent applied
to the msulating foil. Typically, such temperature-dependent
switches are switches with rotationally symmetrical hous-
ings, so that a sealing eflect 1s required along the entire
circumierence of the housing.

The contour of the sealing agent 1s preferably adapted to
the shape of the housing. Thus, the sealing agent does not
necessarlly have to be applied to the isulating foi1l in a
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circular shape, but can also be applied to the insulating foil
in an elliptical or oval area, for example 11 the housing also
has a corresponding shape.

According to a further refinement, the insulating {foil
comprises a centrally arranged hole that 1s surrounded by the
closed contour.

Preferably, the sealing agent 1s arranged at a distance from
the central hole. A part of the switching mechanism of the
switch can protrude through the hole 1n the insulating foil to
create an electrically conductive connection between the
cover part and the lower part of the switch.

The sealing agent 1s preferably radially spaced 1n relation
to this hole, as 1ts sealing eflect 1s particularly required 1n a
sealing area that 1s located 1n the area of the edge of the
cover part, since the insulating foil 1s folded or bent here
and, especially at these positions, a kind of rosette formation
of the insulating fo1l can occur which can lead to mechanical
leaks without the sealing agent.

According to a refinement, the insulating foil 1s coated or
printed with the sealing agent on one side, either on 1ts upper
side facing the cover part or on its lower side facing the
lower part.

Such a one-sided coating of the insulating foil 1s cost-
cllective and may already be suflicient for the desired
sealing eflect. This 1s particularly the case if, 1 addition to
the sealing agent applied to the insulating foil, there are
other devices for sealing the inside of the housing.

According to a refinement, 1t 1s provided, for example,
that the msulating foil 1s coated or printed with the sealing
agent on one side, namely on its upper side facing the cover
part, and that a circumiferentially closed cutting burr 1s
provided on the lower part, which cutting burr penetrates
into a lower side of the mnsulating foil opposite the upper
side.

Such a cutting burr, which can be designed as a turning
groove, for example, 1s disclosed 1n DE 10 2015 114 248 B4.
In combination with the sealing agent coating of the insu-
lating fo1l, such a cutting burr, which cuts 1nto the msulating
fo1l from the side opposite the sealing agent, can ensure
optimum sealing of the interior of the housing.

It goes without saying, that the combination of sealing
agent coatings and cutting burr can, however, also be used
in reverse arrangement at the switch. For example, it may be
provided that the insulating foil 1s coated or printed with the
sealing agent on one side, namely on 1ts lower side facing the
lower part, and that a circumiferentially closed cutting burr
1s Tormed on the cover part, which penetrates or cuts into an
upper side of the insulating foil opposite the lower side.

According to a further refinement, 1t 1s provided that the
insulating foil 1s coated or printed with the sealing agent on
both sides, both on 1ts upper side facing the cover part and
on 1ts lower side facing the lower part.

This has particular cost advantages compared to the
combined solution of sealing agent coating and cutting burr.
It has been found that such a double-sided coating of the
insulating foil with sealing agent can also achieve a very
good seal. The sealing agent applied to the upper side of the
insulating foil provides the seal between the insulating foil
and the cover part of the housing. The sealing agent applied
to the lower side of the msulating foil, on the other hand,
provides the seal between the msulating foil and the lower
part of the housing. This ensures an approprate seal on both
sides of the mnsulating foil.

Preferably, one edge of the cover part presses on the lower
part in the sealing area and the intermediate layer of the
insulating foil.
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In other words, the sealing agent 1s preferably arranged on
the insulating foil in such a way that 1t 1s located 1n the
completely assembled switch in an area where the cover part
presses on the lower part. This pressure 1s typically the
closing pressure with which the cover part i1s pressed onto
the lower part when the switch 1s assembled. This pressure
can lead to plastic deformation of the sealing agent, which
turther improves the sealing eflfect of the sealing agent.

It 1s preferably provided that the lower part comprises a
circumierential wall, the upper section of which overlaps the
cover part, that a circumierential shoulder 1s provided 1n the
lower part, on which shoulder the cover part rests with the
insulating foil interposed there between, wherein the upper
section of the lower part presses the cover part onto the
circumierential shoulder, and that the sealing area 1is
arranged on the circumierential shoulder and/or on a lower
edge of the cover part facing the circumiferential shoulder.

The greatest deformation of the insulating foil occurs in
the area of this shoulder or 1n the area of the lower, radially
outer edge of the cover part. Especially 1n this area, a kind
of wrinkle and/or rosette formation can occur in the 1nsu-
lating foil, which can considerably impair the sealing eflect.
Thus, the sealing agent coating on the msulating fo1l leads
to an immense advantage, especially in this area, since the
sealing agent can counteract the aforementioned wrinkle
and/or rosette formation in this area, or since the sealing
agent can provide for a sealing of this sealing area despite
these wrinkles or rosettes.

It 1s also preferred that the switching mechanism carries
a movable contact part that interacts with a stationary
counter contact, which 1s arranged on a lower side of the
cover part facing the lower part and interacts with the first
external contact surface. The movable contact part moves
together with the switching mechanism during a switching,
operation. In the low-temperature position of the switching
mechanism, the movable contact part 1s pressed against the
stationary counter contact. The electric circuit 1s then closed
via the switch. In the low-temperature position of the
switching mechanism the movable contact part 1s lifted off
the stationary counter contact. The electric circuit 1s then
open.

Regardless of the design variant of the switch, 1t 1s
preferred that the switching mechanism comprises a bimetal
part. The bimetal part can be a round, preferably circular
bimetal snap-action disc, although 1t 1s also possible to use
an elongated bimetal spring clamped on one side as the
bimetal part. With simple switches, the bimetal part can also
be used to conduct current.

It 1s also preferred that the switching mechanism addi-
tionally comprises a snap-action spring disc. This snap-
action spring disc can, for example, support the moveable
contact part and conduct the current through the closed
switch and provide the contact pressure when closed. In this
way, the bimetal part i1s relieved of both the current flow and
the mechanical load when the switch 1s closed.

The housing may have a round, circular or oval shape in
plan view. In principle, however, other housing shapes can
be used as well.

It goes without saying that the features referred to above
and yet to be explained below can be used not only 1n the
respective given combinations, but also in other combina-
tions or alone without leaving the spirit and scope of the
present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 a schematic sectional view of a first embodiment
of the switch 1n a first switching position;

10

15

20

25

30

35

40

45

50

55

60

65

8

FIG. 2 a schematic sectional view of the first embodiment
of the switch shown i FIG. 1, 1n a second switching
position;

FIG. 3 a schematic sectional view of a second embodi-
ment of the switch in the first switching position;

FIG. 4 a schematic sectional view of a third embodiment
of the switch in the first switching position;

FIG. 5 a schematic sectional view of a fourth embodiment
of the switch 1n the first switching position;

FIG. 6 a schematic sectional view of a fifth embodiment
of the switch in the first switching position; and

FIG. 7 a schematic top view of an msulating foil that can
be used 1n the switch.

DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 shows a schematic sectional side view of a switch
10, which 1s rotationally symmetrical 1n top view and
preferably has a circular shape.

The switch 10 comprises a housing 12, i which a
temperature-dependent  switching mechamsm 14  1s
arranged. The housing 12 comprises a pot-like lower part 16
and a cover part 18, which 1s held on the lower part 16 by
a bent or flanged rim 20.

Both the lower part 16 and the cover part 18 are made of
an electrically conductive material, preferably metal. The
cover part 18 rests on a shoulder 24 1nside the lower part 16,
with an insulating foil 22 interposed there between. The
upper edge 20 of the lower part 16 1s bent radially mnwards
in such a way that 1t presses the cover part 18 onto the
circumierential shoulder 24 with the insulating foil 22
interposed there between.

The insulating fo1l 22 provides an electrical isulation of
the cover part 18 against the lower part 16 and includes a
circumierential inner edge 37 arranged inside the housing
and a circumierential outer edge 39 arranged outside the
housing. In addition, the insulating foil 22 also provides a
mechanical seal that prevents liquids or impurities from
entering the 1nside of the housing from the outside.

The insulating foil 22 runs inside the housing 12 parallel
to the cover part 18 along the lower side 25 of the cover part,
from where 1t 1s led laterally between the cover part 18 and
the circumierential shoulder 24 up to the upper side 23 of the
cover part 18 and out of the housing 12. The bent or flanged
upper edge 20 of the lower part 16 lies flat on the upper edge
section of the msulating foil 22 and presses 1t towards the
upper side 23 of the cover part 18.

The msulating fo1l 22 1s coated with a sealing agent 26.
The sealing agent 26 1s preferably a plastic (thermoplastic,
thermoset or elastomer) or a wax.

In the first embodiment of the switch 10 shown in FIG. 1,
the sealing agent 26 1s applied to an upper side 27 of the
insulating foil 22 facing the cover part 18. In the mounted
state of the switch 10, the sealing agent 26 contacts the cover
part 18 1n a sealing area 29. This sealing area 29 1s
highlighted 1n FIG. 1 by a circle.

In this embodiment, the sealing area 29 extends circum-
terentially along the outer, lower edge of the cover part 18
and, from there, a bit vertically upwards along the outer
circumierence of the cover part 18 and radially iwards
along a radially outer part of the lower side 25 of the cover
part 18. Seen 1n the cross-section, the sealing agent 26 1s thus
essentially L-shaped.

FIG. 7 shows a schematic top view of the mnsulating foil
22 from above, which includes a circumierential inner edge
37 and a circumiferential outer edge 39. As can be seen, the
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sealing agent 26 1s applied to the isulating foil 22 1n an
annular area 31. Sealing agent 26 preferably forms a closed
contour. This ensures a seal along the entire circumierence
between the cover part 18 and the lower part 16. It goes
without saying that, depending on the shape of the insulating
to1l 22, the area 31 does not necessarily have to be circular,
but can also be oval or elliptical, for example.

The area 31 where the sealing agent 26 1s applied to the
insulating fo1l 22 1s positioned 1n such a way that the sealing
agent 26 1s automatically arranged in the desired sealing area
29 when the msulating fo1l 22 1s mounted 1n the housing 12.
The area 31 1s preferably located at a radial distance from a
hole 33 that 1s arranged centrally in the insulating foil 22.
This hole 33 allows a part of the temperature-dependent
switching mechanism of the switch 10 to move through the
insulating foil 22, as explained 1n more detail below.

The sealing agent 26 1s preferably a sealing agent that 1s
retroactively activated by heating and 1s only activated after
it has been installed 1n housing 12. This means that the
switch 10 1s preferably slightly heated 1n an oven after
installation of the insulating foil 22, which causes at least
part of the sealing agent 26 to melt or at least partially
liquety 1n order to adapt even better to the shape of the
insulating foi1l 22 and the shape of the cover part 18 1n the
sealing area 29. Subsequent cooling causes the sealing agent
26 to solidity again. This considerably improves the sealing
cllect of the sealing agent 26. The sealing agent 26 ensures
a thorough seal 1n the sealing area 29.

On the upper side 23 of the cover part 18, the switch 10
shown 1n FIG. 1 1s further provided with a further insulating
cover 34, which extends radially outwards from a central
area to the msulating foil 22.

The switching mechanism 14 comprises a temperature-
independent spring part 28, which 1s designed as a snap-
action spring disc, and a temperature-dependent bimetal part
30, which 1s designed as a bimetal snap-action disc. The
spring part 28 1s preferably designed as a bistable spring
disc. Accordingly, the spring disc 28 has two temperature-
independent stable geometric configurations. The first geo-
metric configuration 1s shown 1 FIG. 1.

The temperature-dependent bimetal disc 30 1s preferably
designed as a bistable snap-action disc. The bimetal disc 30
has two temperature-dependent configurations, a geometri-
cal high-temperature configuration and a geometrical low-
temperature configuration. In the first switching position of
the switching mechanism 14 shown in FIG. 1, the bimetal
disc 30 1s 1n 1ts low-temperature configuration.

The snap-action spring disc 28 rests with 1ts edge 32 on
an 1ner bottom surface 35 of the lower part 16. The 1nner
bottom surface 35 1s substantially concave 1n shape and 1s
slightly raised at the point where the edge 32 of the snap-
action spring disc 28 rests 1n the first switching position
shown 1n FIG. 1, compared to the central area of the inner
bottom surface 35. The bimetal disc 30 rests with its edge 36
on the snap-action spring disc 28 in the low-temperature
configuration shown in FIG. 1.

The snap-action spring disc 28 1s fixed with 1ts center 38
to a movable contact member 40 of the switching mecha-
nism 14. The bimetal disc 30 1s also fixed with 1ts center 42
to this contact member 40. In this way, the temperature-
dependent switching mechanism 14 1s a captive unit com-
prising the contact member 40, snap-action spring disc 28
and bimetal disc 30. When mounting the switch 10, the
switching mechanism 14 can thus be inserted as a unit
directly into the lower part 16.

On its upper side, the movable contact member 40 com-
prises a movable contact part 44. The movable contact part

10

15

20

25

30

35

40

45

50

55

60

65

10

44 interacts with a stationary counter-contact 46, which 1s
arranged at the lower side 25 of the cover part 18. In this
embodiment, the upper side 23 of the cover part 18, which
1s connected to the stationary counter-contact 46 1n an
clectrically conductive manner, serves as first external con-
tact surface 48. The outer side of the lower part 16 serves as
second external contact surface 30. For example, the outer
bottom surface or the outer side of the bent upper edge 20
of the lower part 16 can serve as second external contact
surface 50.

In the closed switching position of the switch 10 shown 1n
FIG. 1, the movable contact part 44 1s pressed against the
stationary counter contact 46 by the snap-action spring disc
28. Since the electrically conductive snap-action spring disc
28 1s, with 1ts edge 32, in contact with the lower part 16, an
clectrically conductive connection 1s established between
the two external contact surfaces 48, 50.

If the temperature mnside the switch 10 now increases
above the switching temperature of the bimetal disc 30, the
latter snaps from its convex low-temperature configuration
shown 1n FIG. 1 to 1ts concave high-temperature configu-
ration shown i FIG. 2.

In the high-temperature configuration shown in FIG. 2,
the bimetal disc 30 1s with 1ts edge 36 supported on the lower
side 51 of the mnsulating foil 22 and pushes the movable
contact member 40 downwards with 1ts center 42. This lifts
the movable contact member 44 off the stationary counter
contact 46. The snap-action spring disc 28 thereby snaps
from 1its first geometrically stable configuration shown 1n
FIG. 1 to 1ts second geometrically stable configuration
shown 1 FIG. 2.

Since the switch 1s now open and the power supply to the
device to be protected 1s interrupted, the device to be
protected and thus also switch 10 can cool down again.
When the temperature mside the switch 10 then cools down
to a temperature below the reset temperature of the bimetal
disc 30, 1t snaps back from 1ts high-temperature configura-
tion shown 1n FIG. 2 mto its low-temperature configuration
shown 1n FIG. 1. The snap-action spring disc 28 also snaps
back imto its first geometrically stable configuration and
brings the movable contact part 44 back into contact with the
stationary counter contact 46. The switch 10 or the electric
circuit 1s then closed again.

FIG. 3 shows a second embodiment of the switch 10,
which 1s shown 1n 1ts first position. In comparison to the first
embodiment of the switch 10 shown 1n FIGS. 1 and 2, the
sealing agent 26 1s now applied to the lower side 51 of the
isulating foil 22 facing the lower part 16 and seals 1n the
sealing area 29, especially between the isulating foil 22 and
the lower part 16 of the housing 12.

In the third embodiment of the switch 10 shown 1n FIG.
4, the insulating foil 22 1s coated not only on one side, but
on both sides with a sealing agent 26, 26'. Accordingly, the
sealing agent 26, 26' 1s applied to both the upper side 27
facing the cover part 18 and the lower side 51 of the
insulating foil 22 facing the lower part 16. Preferably, the
sealing agent 26, 26' 1s applied to both sides of the insulating
fo1l 22 1n an annular area 31. This further improves the
sealing eflect, as the sealing agent 26, 26' 1n the sealing area
29 seals both the area between the outer lower edge of the
cover part and the msulating foil as well as the area between
the msulating foil 22 and the circumierential shoulder 24 of
the lower part 16.

FIG. 5 shows a further embodiment of the switch 10.
Again, the switch 10 1s shown here in its first, closed
switching position. In the embodiment shown 1n FIG. 5, the
sealing agent 26 1s applied again to the upper side 27 of the




US 11,342,144 B2

11

insulating foi1l 22, similar to the first embodiment shown 1n
FIGS. 1 and 2. On the lower side 31 of the msulating fo1l 22,
a cutting burr 52 provides an additional seal between the
insulating foil 22 and the lower part 16. This cutting burr 52
1s configured as a circumierential cutting burr with a closed
contour. The cutting burr 52 1s preferably configured as a
turning groove, which 1s arranged on the upper side of the
shoulder 24. The cutting burr 32 i1s preferably formed
integrally with the lower part 16. On 1ts upper side, the
cutting burr has a pointed cutting edge with which the
cutting burr 32 penetrates the lower side 51 of the msulating
to1l 22. The cutting burr 52 thus cuts at least partially into the
insulating foi1l 22 and thus provides a mechanical barrier. In
combination with the sealing agent 26 arranged on the upper
side 27 of the mnsulating foil 22, the cutting burr 52 ensures
a very good seal on both sides of the isulating foil 22.

The position of the sealing agent 26 and the cutting burr
52 may be reversed in contrast to the embodiment shown 1n
FIG. 5. Such an embodiment 1s shown 1n FIG. 6. Here, the
cutting burr 52 i1s arranged at the cover part 18 and the
sealing agent 26 1s arranged at the lower side 51 of the
insulating foil 22. The cutting burr 52 cuts into the upper
side 27 of the msulating foil 22 from above and seals the
sealing area 29 between the cover part 18 and the insulating
to1l 22, whereas the sealing agent 26 seals the sealing area
29 between the insulating fo1l 22 and the lower part 16.

Furthermore, 1t 1s also possible to arrange the cutting burr
52 and the sealing agent 26 on the same side of the insulating
to1l 22. The cutting burr 52 would then cut mto a part of the
sealing agent 26. This would also result 1n a very good
sealing effect. For example, 1t would be possible to provide
such a cutting burr 52 on both the lower part 16 and the
cover part 18 so that one cutting burr 52 would then
penetrate 1mnto the msulating foil 22 from below and a second
cutting burr would penetrate into the insulating foil 22 from
above. In this case, the sealing agent 26, 26' could also be
arranged on both sides of the insulating fo1l 22 as shown 1n
FIG. 4.

It 1s to be understood that the foregoing 1s a description of
one or more preferred exemplary embodiments of the inven-
tion. The mvention 1s not limited to the particular embodi-
ment(s) disclosed herein, but rather 1s defined solely by the
claims below. Furthermore, the statements contained in the
foregoing description relate to particular embodiments and
are not to be construed as limitations on the scope of the
invention or on the definition of terms used in the claims,
except where a term or phrase 1s expressly defined above.
Various other embodiments and various changes and modi-
fications to the disclosed embodiment(s) will become appar-
ent to those skilled 1n the art. All such other embodiments,
changes, and modifications are intended to come within the
scope of the appended claims.

As used 1n this specification and claims, the terms “for
example,” “e.g..” “for instance,” “such as,” and “like,” and
the verbs “comprising,” “having,” “including,” and their
other verb forms, when used 1n conjunction with a listing of
one or more components or other items, are each to be
construed as open-ended, meaning that the listing 1s not to
be considered as excluding other, additional components or
items. Other terms are to be construed using their broadest
reasonable meaning unless they are used 1n a context that
requires a different interpretation.

What 1s claimed 1s:

1. A temperature-dependent switch, comprising:

a housing having a cover part and a lower part;

an 1sulating fo1l arranged between the cover part and the

lower part, having a circumierential i1nner edge
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arranged 1nside the housing and a circumierential outer
edge arranged outside the housing;
a {irst external contact surface provided externally on the
housing;
a second external contact surface provided externally on
the housing; and
a temperature-dependent switching mechanism that 1s
arranged 1n the housing, and that, depending on 1its
temperature, establishes or opens an electrically con-
ductive connection between the first external contact
surface and the second external contact surface;
wherein, on at least one of a lower side of the nsulating
fo1l facing the lower part of the housing or an upper
side of the msulating foil facing the cover part of the
housing, the insulating foil 1s only partially coated or
printed with a sealing agent 1n a sealing area where the
insulating foil 1s clamped between the lower part of the
housing and the cover part of the housing, the sealing
agent forms a closed contour on the insulating foil and
1s spaced from the circumierential inner edge as well as
from the circumiferential outer edge.
2. The temperature-dependent switch according to claim
1, wherein the sealing agent comprises a plastic or wax.
3. The temperature-dependent switch according to claim
1, wherein the sealing agent comprises a thermoplastic, a
thermoset or an elastomer.
4. The temperature-dependent switch according to claim
1, wherein the sealing agent 1s configured to be retroactively
activated by heating after having been installed in the
housing.
5. The temperature-dependent switch according to claim
1, wherein the insulating fo1l comprises a polyimide or an
aromatic polyamide.
6. The temperature-dependent switch according to claim
1, wherein the msulating foil comprises a central hole that 1s
surrounded by the sealing agent.
7. The temperature-dependent switch according to claim
1, wherein the nsulating foil 1s coated or printed with the
sealing agent on the upper side of the msulating foil facing
the cover part of the housing, and wherein a cutting burr 1s
provided on the lower part of the housing, wherein the
cutting burr penetrates into the lower side of the insulating
to1l.
8. The temperature-dependent switch according to claim
1, wherein the mnsulating foil 1s coated or printed with the
sealing agent both on the upper side of the msulating fo1l and
on the lower side of the msulating foil.
9. The temperature-dependent switch according to claim
1, wherein, 1n the sealing area, an edge of the cover part of
the housing presses or 1s pressed onto the insulating foil.
10. The temperature-dependent switch according to claim
1, wherein an upper section of the lower part overlaps the
cover part, wherein a circumierential shoulder 1s provided 1n
the lower part, on which the cover part rests with the
insulating fo1l interposed between the circumierential shoul-
der and the cover part, wherein the upper section of the
lower part presses the cover part onto the circumierential
shoulder, and wherein the sealing area 1s arranged on the
circumierential shoulder or on a lower edge of the cover part
facing the circumierential shoulder.
11. The temperature-dependent switch according to claim
1, wherein the temperature-dependent switching mechanism
carries a movable contact part that interacts with a stationary
counter contact that 1s arranged on a lower side of the cover
part facing the lower part and interacts with the first external
contact surface.
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12. The temperature-dependent switch according to claim
1, wherein the temperature-dependent switching mechanism
comprises a bimetal part.
13. The temperature-dependent switch according to claim
1, wherein the temperature-dependent switching mechanism
comprises a snap-action spring disc.
14. The temperature-dependent switch according to claim
1, wherein the sealing agent has an annular shape on the
msulating foil.
15. A temperature-dependent switch, comprising:
a housing having a cover part and a lower part;
an 1sulating fo1l arranged between the cover part and the
lower part;
a first external contact surface provided externally on the
housing;
a second external contact surface provided externally on
the housing; and
a temperature-dependent switching mechanism that 1s
arranged 1n the housing, and that, depending on 1its
temperature, establishes or opens an electrically con-
ductive connection between the first external contact
surface and the second external contact surface;
wherein, on a lower side of the mnsulating foil facing the
lower part of the housing, the isulating foil 1s only
partially coated or printed with a sealing agent in a
sealing area where the nsulating foil 1s clamped
between the lower part of the housing and the cover
part of the housing, the sealing agent forms a closed
contour on the insulating foil, and wherein a cutting
burr 1s provided on the cover part of the housing,
wherein the cutting burr penetrates into the upper side
of the msulating foil.
16. A method of manufacturing a temperature-dependent
switch, comprising the steps of:
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providing a housing having a lower part and a cover part;

providing a temperature-dependent switching mechanism
which, as a function of its temperature, establishes or
opens an ¢lectrically conductive connection between a
first external contact surface provided externally on the
housing and a second contact surface provided exter-
nally on the housing;

providing an insulating fo1l having a circumferential inner
edge and a circumierential outer edge;

before mounting the cover part on the lower part, on at
least one of a lower side of the insulating foil or an
upper side of the msulating foil, only partially coating
or printing the 1nsulating foil with a sealing agent that
forms a closed contour on the insulating foil and 1is
spaced from the circumierential inner edge as well as
from the circumierential outer edge; and

mounting the housing, wherein the temperature-depen-
dent switching mechanism 1s arranged in the housing
and the cover part 1s mounted on the lower part with the
insulating fo1l interposed between the cover part and
the lower part in such a way that the sealing agent for
sealing the housing contacts the cover part and/or the
lower part 1n a sealing area where the msulating foil 1s
clamped between the lower part of the housing and the
cover part of the housing and 1n such a way that the
circumierential inner edge 1s arranged 1nside the hous-
ing and the circumierential outer edge 1s arranged
outside the housing.

17. The method according to claim 16, wherein the

39 temperature-dependent switch 1s heated to activate the seal-

ing agent aiter mounting the housing.

18. The method according to claim 16, wherein the

sealing agent has an annular shape on the insulating foil.
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